In this research, selected bakery products that contain high amount of fat (>10%) were stored under ambient conditions until the end of shelf life. Changes in oxidative stability and fatty acid composition of the samples including biscuits, crackers, wafer and fruit cake were determined with three months of interval.
Introduction
Fat is one of the most important ingredients of various bakery products including biscuits, cookies, cakes, crackers and pastries. Traditionally these products have been prepared with plastic fats like shortening, margarines or butter. Properties and functions of the selected bakery fat are of major importance for the total quality of the end product (Manley, 1991) . Plastic fats vary in consistency according to their temperature, melting point and the proportion of oil globules within the network of solid fat crystals which greatly influences properties like structure, consistency, eating properties, shape and shelf life of the baked products. Besides plastic fats, many bakery products also includes small amount of oil and fat which come from flour and dairy products respectively in recipe. A11 fats eventually decompose, a process giving rise to unpleasent flavours. These changes are known as rancidity and are caused by oxidation. The fat components of a bakery fat must thus be selected with regard to the storing conditions and desired shelf-life for the finished product (Pyler, 1988; Manley, 1991; Wainwright, 1999; Baljit et al., 2002) .
However, it is important to know that how much the oxidative stability has changed throughout shelf-1ife of these products for both consumer health and product quality.
Because, Iong storage times may be involved between preparation and consumption of the foodstuff.
The aim of the study was to determine the changes in concentrations of cis and trans isomers during the shelf life of selected bakery products that total fat content exceeding 10% (w/w). In addition, changes in free fatty acids, peroxide and Rancimat induction time of the samples were also determined as a major indicator of lipid oxidation. E-mail : odaglioglu@tu.tzf.edu.tr 
Materials and Methods
Materials Bakery products with higher fat levels (>10~;~o) were selected as research materials. Biscuits (petit beurre, fruit, baby and hazelnut types), crackers (plain and sesame), wafer and fruit cake samples were provided from the manufacturers. An attempt was made to select commonly consumed nationally available brands. Shelf life of the samples which were given by the manufacturers on the label was 12 months for biscuit types, crackers and wafer, and 6 months for fruit cake. In order to start to the analysis just at the beginning of shelf life, all samples were brought to laboratory within two to four days after the production date. The changes of free fatty acids, peroxide value, Rancimat induction time and fatty acid composition were determined at O, 3, 6, 9 and 12 months for biscuits, crackers and wafer, and at O, 3 and 6 months for fruit cake sample. Samples were stored under ambient conditions (20 i 1) throughout storage period in their original packages. According to the label information of the products, partially hydrogenated vegetable oil were used in the production of all samples. Fatty acid methyl ester (FAME) standards (99% purity) were purchased from NuChek-Prep Inc. (Elysian, MN).
Me thod s
Lipid Extraction Lipid extraction from the samples was carried out by hexane extraction under the operating conditions specified in ICC Standard No. 136. Total fat contents of the samples are expressed as a percentage by mass of the product as received (ICC, 1982) .
Preparation offatty acid methyl esters FAMES Were prepared from the fats after alkaline hydrolysis, followed by methylation in methanol with BF3 as catalyst. The final concentration of the FAME was approximately 7 mg/ml in heptane (AOAC, 1992) . Capillary gas-liquid chromatography (GLC) Analyses of the FAME by capillary GLC were carried out on a Hewlett-Packard 6890 chromatograph, equipped with a Chrompack Autosampler-M9 1 1 (Chrompack, Middelburg,
The Netherlands) for split-type injection, and a flame-ionization detector (FID). A fused-silica capillary column was used for the FAME analysis; CPTM-Sil 88, 50 m x 0.25 mm i.d., 0.2 um film; Chrompack. The column was operated isothermally at 1 77 "C, injection port and detector were kept at 250"C. The carrier gas was helium at a flow rate of I ml/min; split ratio: I :50, volume of injected sample: I u1.
Stability to oxidation (automated Swift Test with Rancimat) Approximately 2.5 g of fat was heated for 10 min at 120"C in the Rancimat heating block (679 Rancimat Instrument, Metrohm-Herisau, Switzerland). The dry air feed and the collection vessel were then connected. The measurment of the conductivity curve then started. The breaking point was equal to the induction time (h) (Laubli et al., 1 988) . Fat samples extracted from the bakery foods were subjected to analyses for free fatty acids and peroxide value according to IUPAC methods no. 2.201 and 2.501, respectively (IUPAC, 1987) .
Statistical Analyses The analyses of variance and multiple range test were done on the analytical data collected for three replications of each treatment. The analysis was carried out using MSTAT software program, and the least square differences test was applied in case of high significance.
Results and Discussion
Lipid oxidation is one of the major indicator of storage quality of processed foods. Polyunsaturated fatty acids are 465 attacked by oxygen to yield peroxides, which than decompose further. Although the level of compounds are generally low, the problem of lipid oxidation severely compromises the quality and limits the shelf life of various foods (Addis, 1986; Matsushita, 1990; Hasenhuetti & Wan, 1992) . Table I presents free fatty acids (FFA), peroxide value, and the Rancimat induction time of selected bakery products during shelf life. An appreciable change in FFA value, peroxide value and Rancimat induction time (at 120"C) was measured in all samples as the storage time increased (p < 0.05). After 12 months storage the highest FFA and peroxide value were determined in wafer and sesame cracker respectively. However, baby biscuit had the 10west FFA and peroxide value either at the initial or at the end of storage. The Rancimat induction time correlated with stability under ambient storage conditions for a wide range of fats and oils (Laubli & Bruttel, 1 986; Gordon & Mursi, 1994; Anwar et al., 2003) . According to our Rancimat induction time results, hazelnut (5 .45 h) and baby biscuit (4.65 h) had the higest oxidative stability while sesame cracker had the lowest (1.10 h) after 12 months storage period. In Turkish Standards, FFA and peroxide values are allowed to go as high as I .5% and 10 meq02lkg respectively, for biscuits and similar products (Anonymous, 1991 Total fat contents, and fatty acid compositions of the selected bakery foods during the shelf life are given in Tables 2-3. The highest amount of fat was found in wafer with 27.1% and the lowest amount in petit beurre biscuit with 1 3.3% . Variations in total fat contents are related with the type of product and the recipe used in production (Daglioglu et al., 2000) .
The major fatty acids in the samples were palmitic (C16=0), stearic (C18=0), oleic (C18=1), trans oleic (trans C18=1) ' and linoleic (C18=2) acids, while the remaining fatty acids were each 1.5% or less in the samples. On the other hand, pentadecanoic (C15=0) acid was found only in baby biscuit at thrace amount (O.7% of the total). At the beginnig of storage, total unsaturated fatty acid (TUS) contents ranged between 41 .5-76.8% of the total fatty acids and the major percentage of them was composed of monounsaturated fatty acids, mainly oleic acid (C18=1)• The highest level of TUS fatty acids, was detected in sesame cracker. Hamilton (1987) revealed that fatty acid isomers of sesame oil were highly unsaturated, which is in accordence with our results.
Total saturated fatty acid (TS) contents ranged from 23.2 to 53.9% at the beginnig of shelf life and palmitic (C16=0) and stearic (C18=0) acids were the major saturated fatty acids in the samples. In addition, all samples contained trans fatty acids, with the contents ranging between 0.5 and biscuit, a significant change was determined (p < 0.05) for TPUS fatty acids. However, stearic acid (C18=0) contents significantly increased (p < 0.05) after 6 months storage in hazelnut biscuit and sesame cracker, and after 9 months in baby biscuit and wafer. The analysis of variance also indicated a significant increase for TS fatty acids (p < 0.05) in baby and hazelnut biscuits, sesame cracker and wafer after 12, 9, 6 and 9 months storage respectively. In contrast to TS fatty acids, TUS fatty acids decreased significantly in baby and hazelnut biscuits, and wafer after 9 month storage. One of the most important parameters that influences lipid oxidation is the degree of unsaturation of its fatty acids. Highly unsaturated fatty acids are more easily oxidized than lower unsaturated or saturated fatty acids (Hasenhuetti & Wan, 1992; Frega et al., 1999; Crapiste et al., 1999) . It is clear from the Tables 2-3 that changes in unsaturated fatty acids (C18= I and C18=2) in the samples were insignificant (p > 0.05).
Conclusion
The result of this study showed that the oxidative stability of the all selected bakery products has changed sig- O. DAGLIOGLU et al. nificantly with increased storage time. Also, variations in fatty acid composition occured in some of the samples. However, when the shelf life was over, FFA and peroxide values of the all samples remained under the max. values allowed by standarts and maintained the oxidative stability during storage. Therefore, in addition to using good quality fat in the preparation of dough, it is important to keep biscuits and similar products under ambient conditions.
